ABSTRACT
INTRODUCTION
Genetic markers such as blood groups, protein systems and DNA polymorphisms are used as tools to study genetic diversity within and between horse breeds (STORMONT et al., 1963; ELLEGREN et al., 1992; BOWLING, 1997) . Criollo horses, in Brazil, descend from Iberian Peninsula horse breeds brought to South America by Portuguese and Spanish settlers. Associations, standardized their pedigree and their registration on the Stud Book record. From that period until now Brazilian horse breeders imported Criollo horses from Uruguay, Argentina and Chile in order to improve genetic value and conformation aspects. They are resistant and used mostly in cattle work and, currently, in the "Freio de Ouro" Competition. Mating close relatives was a common practice. In the 90's the annual registration rate of ABCCC was about 9,000 foals per year. In this study, six different herds of Brazilian Criollo horses were used to measure their genetic variability using 7 blood group loci and 8 protein systems. Data generated were used to determine the relationship among herds aiming to integrate them into one large population and/or to study the genetic behavior in two of those herds that bred free of other Brazilian Criollo breeders influence. The allele frequencies were calculated to evaluate parentage exclusion probability for this breed.
MATERIAL AND METHODS
Blood samples from 208 Criollo horses bred in Rio Grande do Sul -Brazil were collected in 1998, following the technique described by BOWLING & CLARK (1985) . These horses, chosen at random, were originated from five different farms located in 5 different counties in the state of Rio Grande do Sul as follow: 51 horses from Bagé (BG), 44 from Santana do Livramento (SL), 16 from São Sepé (SS), 22 from Santa Maria (SM) and 23 from Cruz Alta (CA). A 6 th group was formed by 52 horses sampled during the "Expointer 98" Horse Show in Porto Alegre (PA), Brazil. This group was taken as a representative sample since they were selected horses from different breeding farms, considered the best of the breed. Breeding selection overall was based mostly on fenotype, where a particular stallion is mated to a variable, but usually high, number of mares. Breeders from BG and SL farms maintain a closed breeding system following a line breeding program, based on breeding stock from Uruguay (BG) and Argentine (SL).
Blood samples were used to determine seven internationally recognised blood group loci: A, C, D, K, P, Q and U by standard immunological procedures involving microhemagglutination and complement mediated hemolysis (LEONG & TERASAKI, 1985) and 8 protein systems: albumin (Al), transferrin (Tf), A1B glycoprotein (Xk), group-specific component (Gc), esterase (Es) protease inhibitor (Pi) hemoglobin (Hb) and 6-phosphogluconate dehidrogenase (6-PGD) by starch, agarose and polyacrylamide gel electrophoresis (SCOTT, 1970; JUNEJA et al., 1978; TROMMERHAUSEN-SMITH & SUZUKI, 1978) . Allelic frequencies for C, K and U blood groups were calculated by the square-root method. Frequencies for blood groups A, P and Q were calculated using the allocation method (ANDERSSON, 1985) . System D frequencies were determined by direct counting, considering all phenogroups and assuming the possible genotypes of each one. The allelic frequencies of 8 protein loci, whose genotypes could be directly inferred from phenotypes, were calculated using the GENEPOP program, version 1999 (RAYMOND & ROSSET, 1995 . The genetic variation measures of observed heterozygosity (Ho), HardyWeinberg expected heterozygosity (He), maximum heterozygosity in equilibrium (Hm), number of alleles per locus (k), effective number of alleles (ne) and Fstatistic components (Fis = inbreeding level, Fst= genetic differentiation) were calculated only for protein loci because of the presence of recessive alleles and/ or ambiguous genotypes at blood group loci. Allelic frequencies at 15 blood type loci were used to estimate probability of exclusion (PE, JAMIESON 1965) and average heterozygosity (H). A phylogenetic tree (dendrogram) was constructed using the unweighted pair group-method with arithmetic mean (UPGMA) and the matrices of standard genetic distances (D) between samples (NEI, 1972).
RESULTS
The allelic frequencies at 7 blood groups (bg) and 8 protein systems (ps) in the 6 herds of Brazilian Criollo horses are indicated in table 1 and 2. The total number of alleles (k) at 15 blood typing loci in each herd were distributed as follows: in the PA sample k = 87 (bg 44, ps 43), in the BG herd k = 81 (bg 45, ps 36), in the CA herd k = 65 (bg 33, ps 32), in the SS farm k = 63 (bg 30, ps 33), in the SM farm k = 59 (bg 26 , ps 33 ) and in the SL farm k = 72 (bg 38, ps 34). All loci, except the K blood group in the CA herd showed more than one allele. Allelic frequencies were different between herds. The transferrin variant J related with Iberian Peninsuladerived breeds appeared in a low frequency in the BG herd. Table 3 shows the measures of the genetic variability using 8 protein loci. Assuming the HardyWeinberg equilibrium, the Al and Pi systems in the SL herd and the Tf system in the SS herd showed deviation when the expected and the observed heterozygosity (Ho) were compared with maximum heterozygosity in equilibrium (Hm). The number of effective alleles (ne) in each system explains the higher occurrence and significance of common alleles over the less frequent ones. Inbreeding coefficient (Fis) of the SS herd differed Ciência Rural, v. 33, n. 1, jan-fev, 2003. from zero in the Pi system. The same occurred in the PA sample and in the SL herd in the Tf system. Average heterozygosity (H) in the BG and SS herds was higher than in the PA, CA and SM herds. The lowest average heterozygosity was observed in the horses from the herd located in SL. H and standard error (se) estimated using 15 blood typing systems was 0.4945 (se: 0.0673), 0.4945 (se: 0.0673), 0.4784 (se: 0.0743), 0.4887 (se: 0.0626), 0.466 (se: 0.0662) and 0.4566 (se: 0.0698) for the PA, BG, CA, SS, SM and SL herds, respectively. 
Hierarchic structure of the localities
The inbreeding coefficient (Fis) and the effects of subpopulation subdivision (Fst) are indicated in Table 4 . When each and all loci were considered together Fis did not differ from zero. The Fst was high for the Hb, Al, Xk, Es, Tf, and Pi systems (p<0.01). The dendrogram of 6 Brazilian Criollo horse herds constructed by Nei's distance (Nei´s D) using 15 blood typing systems and 100 bootstrap replications is shown in Fig. 1 . PA and SM herds were the closest related; SL and BG herds were the most distant related. The probability of exclusion for detecting incorrectly assigned parentage using 15 blood typing systems in each studied Criollo herds from Rio Grande do SulBrazil is shown in Table 5 . The effectiveness of these tests was over 95% for all 6 herds. 
DISCUSSION
This report shows the genetic variability of 6 Brazilian Criollo herds at 15 blood typing systems. The 6 herds showed a moderate degree of differentiation as expressed by their allele frequencies (Table 1 and 2) and subpopulation subdivision effect (Fst). Results indicated the analysis of the 6 herds as one large population (Table 4) is incorrect. SL and BG herds were not close related to the other herds, as expected and demonstrated by Nei's distance (NEI, 1972) , probably because they kept a closed breeding program (Figure 1) . Although the number of allele variant in BG and PA herds was similar (k=81 and k= 87, respectively). The wide genetic variability present in the Criollo breed is due to the contribution of each herd. The inbreeding coefficient (Fis) was not significant (Table 4 ). Looking at Fis for each locus in each sample (Table 3) it was observed that the most polymorphic systems Tf and Pi in the PA, SL and SS herds showed significant levels of inbreeding. The high polymorphism of these systems indicated a trend in gene frequency. The force by which allelic and genotypic frequencies change in a wild population could be natural selection, gene flow from one population to another, random drift and deviation from random mating (FUTUYMA, 1996) . A small population size, a low gene flow and the use of nonrandom breeding practices, based mainly on phenotype and performance results, may have influenced the isolation effect and the inbreeding level found in the 6 Brazilian Criollo herds.
Brazilian Criollo horses are Iberian Peninsula-derived breeds as well as Criollo horses Table 5 -Probability of exclusion (PE) using 15 blood typing systems in 6 Criollo horse herds from Rio Grande do Sul -Brazil. al., 1986). Brazilian Criollo horses have been submitted to environmental adaptation for centuries, therefore, care should be taken to keep this genetic variability through planned breeding.
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